Perceptions of cognitive compensation and interpersonal enjoyment of collaboration were examined in three hundred middle-aged and older couples who completed measures of perceptions of collaboration, cognitive ability, marital satisfaction, an errand task and judged their spouse's affiliation. Older adults (especially men) endorsed cognitive compensation and interpersonal enjoyment and reported using collaboration more frequently than middle-aged adults. Greater need for cognitive compensation was related to lower cognitive ability only for older wives. Greater marital satisfaction was associated with greater interpersonal enjoyment. These two functions related to reports of more frequent use of collaboration and perceptions of spousal affiliation in a collaborative task.
Collaborative problem solving, where two or more individuals work together to perform a task, is thought to compensate for cognitive changes (especially in fluid intelligence) that may occur in late adulthood (Dixon & Gould, 1996; Johansson, Andersoon, & Ronnberg, 2000; Martin & Wight, 2008; Strough & Margrett, 2002) . Within a long-term marital relationship, collaboration may also serve an interpersonal function providing support and encouragement as spouses work together. This interpersonal function has not yet been examined within the aging literature. Older couples describe that collaboration is central to the marital relationship in that they work together to make daily decisions (e.g., household purchases) and solve everyday problems (Berg, Johnson, Meegan & Strough, 2003) . Such joint problem solving may enhance the support and enjoyment gained from the relationship, especially for older couples as their focus is on the positive emotional regard that can be achieved within relationships (Carstensen & Mikels, 2005; Story et al., 2007) . Further, interpersonal enjoyment from collaboration may be enhanced when couples experience greater marital satisfaction (Berg & Upchurch, 2007; Berg, Wiebe, et al., 2008) , especially for older couples who describe greater satisfaction in their marriage (Henry, Berg, Smith, & Florsheim, 2007) .
These two functions, cognitive and interpersonal, may be important in understanding the frequency of collaboration in daily problem solving. Implicit within the aging literature (Dixon & Gould, 1996) is the notion that the frequency of collaboration during late adulthood is greater primarily to the extent that collaboration is needed cognitively. However, given its interpersonal function, the frequency of collaboration may also be greater when it occurs within a satisfied relationship where collaboration is enjoyed Meegan & Berg, 2002) . To further examine these two functions we tested how they related to couples' experience of collaboration as they worked together. The interpersonal enjoyment function of collaboration may relate to couples' experience of each other as more warm and affiliative. In addition, spouses may see each other as affiliative when they perceive greater need for collaboration (most likely for older adults), interpreting the spouse's behavior as teaching or tutoring.
The primary goal of the present study was to examine whether adults perceived cognitive compensation and interpersonal enjoy-ment as separable functions of collaboration and whether these functions related to relevant constructs that define their function (i.e., cognitive compensation related to cognitive performance and interpersonal enjoyment to marital satisfaction). Age differences were examined in these functions. We expected that adults would perceive collaboration as serving a cognitive and interpersonal function, and that older adults would endorse both functions more frequently than would middle-aged adults. In addition, the cognitive function was expected to relate to husbands' and wives' actual cognitive abilities more so for older adults and the interpersonal function to marital satisfaction more so for older adults. We also examined whether both cognitive compensation and interpersonal enjoyment functions figure into perceptions of the frequency of collaboration in daily life and spousal perceptions while performing a collaborative task. The perceived frequency of collaboration was hypothesized to relate to both the cognitive compensation and interpersonal enjoyment functions. Finally, the interpersonal function was thought to relate to couples' perceptions of the affiliative nature of their spouse's behavior in a collaborative task.
Methods

Participants
Participants were 146 middle-aged (Wives: M ϭ 43.9 years old, SD ϭ 3.8, range 32-54 years; Husbands: M ϭ 45.8 years old, SD ϭ 4.0, range 37-59 years) and 154 older married couples (Wives: M ϭ 62.2 years old, SD ϭ 4.5, range 50 -71 years; Husbands: M ϭ 64.7 years old, SD ϭ 4.3, range 52-76 years). The sample was largely Caucasian (Wives 95%, Husbands 96.3%) and from the greater Salt Lake City area. On average, middle-aged couples had been married for 18.5 years (SD ϭ 6.2, range 5-31) and older couples for 36.4 years (SD ϭ 10.2, range 5-53).
1 This was the first marriage for 79.5% of middle-aged women and 84.9% of middle-aged men and for 76.0% of older women and 76.0% of older men. Couple eligibility included: 1) married for a minimum of 5 years; 2) at least one spouse was either between 40 and 50 years old or between 60 and 70 years old; 3) no more than a 10-year age difference between spouses; 4) were not currently taking heart or blood pressure medications from a selected list (primarily Beta-Blockers, Calcium-Blockers, and Antianginals); 5) body mass index (BMI) of 38 or less; and 6) had English as their primary language (see Berg et al., 2007 for additional details).
Procedure
Participants were recruited through a survey company, advertisements in newspapers, and flyers and presentations at community programs. The questionnaires analyzed here represent a subset of those included in the study. No overlap exists between this paper and other papers based on this dataset. Spouses first completed the Perceptions of Collaboration and Marital Satisfaction measures independently and then took part in a laboratory session including the errand running task. In a second laboratory session the cognitive tasks were administered.
Measures
Perceptions of collaboration questionnaire (PCQ). This 9-item measure assessed wives' and husbands' perceptions of collaboration when solving everyday problems and making decisions on 5-point scales (higher scores indicate stronger agreement). Based on confirmatory factor analyses (see Results Section), we averaged three items per construct to form three subscales. Cognitive Compensation (C; ␣ Wives ϭ .57; ␣ Husbands ϭ .61) consisted of "I make better decisions when my spouse and I work together," "I view working together with my spouse as necessary as it is harder for me to do things by myself," and "Working together with my spouse is useful as he/she makes up for things that I don't do well." Interpersonal Enjoyment (E; ␣ Wives ϭ .59; ␣ Husbands ϭ .65) consisted of "I enjoy the support and encouragement I receive when I work together with my spouse," "Solving everyday problems and making decisions together with my spouse brings us closer together," and "I dislike getting my spouse's assistance on everyday tasks as it makes me feel incompetent" (reverse scored). Finally, frequency (F; ␣ Wives ϭ .80; ␣ Husbands ϭ .70) of collaboration was measured by "My spouse and I always work together to deal with really important household decisions," "Nearly everyday my spouse and I work together to make everyday decisions," and "It is rare for my spouse and I to share tasks and make decisions together" (reverse scored).
Cognitive measures. Participants completed individually 7 tasks in small groups (see Ko, Berg, Uchino, & Smith, 2007) . We focused on age-sensitive measures of fluid intelligence: Letter and Pattern Comparison tests of perceptual speed (Salthouse, 1996; Salthouse & Meinz, 1995) and the PMA Spatial Relations and Letters Series tests (Thurstone, 1962) . Analyses supported that the tests loaded on a single fluid intelligence factor (see Ko et al., 2007) .
Marital satisfaction was assessed with the Marital Adjustment Test (Locke & Wallace, 1959) , a reliable and valid measure of marital adjustment (␣ ϭ .73 for husband, .76 for wives).
Spousal affiliation in an errand running task. Couples planned a morning of running 13 errands (see Berg et al., 2007) . The Impact Message Inventory (IMI: Schmidt, Wagner, & Kiesler, 1999 ) assessed participants' perceptions of their spouse's behavior during the task. The IMI was a 32-item abbreviated version of the original inventory; we focus in the present paper on affiliation (friendliness vs. hostility). See Henry et al. (2007) for scoring and reliability.
Analysis Plan
To account for the dependencies between husbands and wives we analyzed the data at a dyadic level. We established the threefactor structure of the PCQ through confirmatory factor analysis (CFA), modeling three factors for each spouse in one analysis and testing for factorial invariance between age groups and across husbands and wives. PCQ factors and residual variances of corresponding PCQ items were allowed to correlate between husbands and wives.
Second, to test associations of the functions of collaboration with cognition, marital satisfaction, frequency, and affiliation in the errand task, we conducted multivariate hierarchical linear modeling with application to matched pairs (HMLM2; Raudenbush, Bryk, Cheong, & Congdon, 2000) . These analyses simultaneously estimated models for husbands and wives and tested for differences in regression weights across husband and wife (see Berg et al., 2007) .
Results
Dimensions of Collaboration: Confirmatory Factor Analysis
We established the three-factor structure of the PCQ in both husbands and wives through CFA. First, we compared the hypothesized six-factor model (three factors per spouse; 2 ϭ 357.86, df ϭ 234, CFI ϭ .92, TLI ϭ .90, RMSEA ϭ .06, SRMR ϭ .06) to an alternative two-factor model (one overall collaboration factor per spouse; 2 ϭ 500.39, df ϭ 272, CFI ϭ .85, TLI ϭ .84, RMSEA ϭ .08, SRMR ϭ .08) and found that the six-factor model fit the data much better, 2 (38) ϭ 142.53, p Ͻ .001. Second, we tested for metric factorial invariance between middle-aged and older individuals by constraining factor loadings for middle-aged and older wives to be equal and factor loadings for middle-aged and older husbands to be equal. Adding this constraint did not change the model fit, 2 (12) ϭ 12.17, ns. Third, we tested for factorial invariance by constraining factor loadings to be equal for wives and husbands, which did not change the model fit, 2 (6) ϭ 6.45, ns. Thus, our analyses confirmed that the selected PCQ items have the same factor structure in middle-aged and older couples and in wives and husbands, which justified forming three PCQ scales for each spouse. Considering the complexity of the model, the fit was adequate ( 2 ϭ 376.48, df ϭ 252, CFI ϭ .92, TLI ϭ .90, RMSEA ϭ .06, SRMR ϭ .08).
2 The variances of the six factors did not differ significantly between age groups nor did any of the factor covariances.
Age differences were found in the factor means with older husbands compared to middle-aged husbands reporting collaborating more for compensation, enjoying collaboration more, and collaborating more frequently than middle-aged husbands as indicated by estimated factor means significantly different from zero (z ϭ 2.3, 4.3, and 3.0, respectively, ps Ͻ .01; factor means for middle-aged spouses were constrained to zero in the CFA to form a comparison group). The same pattern emerged for older wives, who reported greater enjoyment of collaboration (z ϭ 2.0, p Ͻ .05), with factor means for compensation and frequency marginally higher in old as compared to middle-aged wives (z ϭ 1.9 and 1.9, ps Ͻ .10).
Predicting Compensation From Cognition and Enjoyment From Marital Satisfaction
To examine the relationships of cognitive ability with cognitive compensation and of marital satisfaction with interpersonal enjoyment, two HMLM models were constructed. Husbands' and wives' perceptions of collaboration as compensation were predicted from five variables: age group (effect coded Ϫ1 ϭ middleaged, 1 ϭ older), own and spouse's fluid intelligence (centered at its mean separately for husbands and wives), and the interactions of age group with own and spouse's fluid intelligence (Aiken & West, 1991) . For husbands' reports of compensation no significant effects were found when controlling for age. For wives a significant interaction was found between age group and own cognitive function [b ϭ Ϫ.14, standard error (SE) ϭ.05, p Ͻ .01, effect size ϭ .01 3 ]. Simple slopes analyses (conducted with Preacher, Curran, & Bauer's, 2003, online calculator) revealed that for older women lower fluid intelligence was associated with greater perceptions that collaboration served a compensatory function [t(274) ϭ Ϫ2.14, p Ͻ .05], whereas for middle-aged women there was no significant slope between fluid intelligence and compensation (see Figure 1) . The interaction effect of age and wives' fluid intelligence was not significant for husbands' perceptions of compensation and the test of the significance of the difference between wives' and husbands' coefficients was significant, 2 (1) ϭ 13.03, p Ͻ .01.
A similar model including five independent variables was conducted to predict husbands' and wives' enjoyment of collaboration from marital satisfaction and age group. Husbands' marital satisfaction was predictive of his enjoyment (b ϭ .31, SE ϭ .04, p Ͻ .01, effect size ϭ .09) and wives' satisfaction was predictive of her enjoyment (b ϭ .28, SE ϭ .04, p Ͻ .01, effect size ϭ .06). No spouse effects on own enjoyment or interactions of age group ϫ satisfaction were found.
Cognitive and Interpersonal Functions Predicting Frequency
To test whether these functions predicted the perceived frequency of collaboration, a similar HMLM was used. Husbands' and wives' perceptions of collaboration frequency were predicted from ten independent variables: age group, husband and wife report of cognitive compensation and interpersonal enjoyment, the interactions of age group with each reporter's view of compensation and enjoyment, and own marital satisfaction as a control variable (as it was important in understanding enjoyment). For husbands, greater husband marital satisfaction (b ϭ .20, SE ϭ .04, p Ͻ .01, effect size ϭ .05), husband views of compensation (b ϭ .13, SE ϭ .04, p Ͻ .01, effect size ϭ .02) and husband views of interpersonal enjoyment (b ϭ .19, SE ϭ .04, p Ͻ .01, effect size ϭ .03) were associated with greater frequency of collaboration. Wives' reports of collaboration frequency were predicted by her own views of marital satisfaction (b ϭ .39, SE ϭ .04, p Ͻ .01, effect size ϭ .08), cognitive compensation (b ϭ .16, SE ϭ .04, p Ͻ .01, effect size ϭ .02), and enjoyment (b ϭ .19, SE ϭ .04, p Ͻ .01, effect size ϭ .02).
2 Details regarding the SEM analyses including parameter estimates for the CFA can be found in the appendix, which is available online as supplemental material. 3 We utilized the Pseudo-R 2 method recommended by Raudenbush and Bryk (2002) to estimate effect sizes.
Cognitive and Interpersonal Functions and Couples' Affiliation Within a Collaborative Setting
A final HMLM analysis including ten independent variables examined whether compensation and enjoyment were predictive of husbands' and wives' perceptions of their spouse's affiliation while interacting in the errand running task (when also considering age group and marital satisfaction). For husbands, when he reported greater marital satisfaction (b ϭ .41, SE ϭ .10, p Ͻ .01, effect size ϭ .02) and interpersonal enjoyment from collaboration (b ϭ .23, SE ϭ .10, p Ͻ .05, effect size ϭ .003) he also perceived his wife as more affiliative in the interaction. In addition, a significant age group ϫ wife compensation interaction (b ϭ .19, SE ϭ .09, p Ͻ .05, effect size ϭ .002) revealed that when older wives perceived greater compensation husbands viewed wives as more affiliative [simple slopes for older wives t(274) ϭ 2.79, p Ͻ .01), see Figure 2 ]. For wives, similarly a significant age group x wife compensation interaction (b ϭ .21, SE ϭ .09, p Ͻ .05, effect size ϭ .0004) revealed that when older wives perceived greater compensation, wives viewed husbands as more affiliative [simple slopes for older wives, t(274) ϭ 2.73, p Ͻ .01, see Figure 2 ]. Wives perceived their spouse as more affiliative when she reported greater marital satisfaction (b ϭ .50, SE ϭ .10, p Ͻ .01, effect size ϭ .03) and when she reported greater enjoyment from collaboration (b ϭ .34, SE ϭ .10, p Ͻ .01, effect size ϭ .007).
Discussion
Adults in midlife and later adulthood perceived that collaboration serves an interpersonal function that is separate from its cognitive compensation function with age differences such that older men especially perceived that collaboration served more of a compensation and enjoyment function and reported more frequent use of collaboration (the trend was similar for women). Greater perceived cognitive compensation through collaboration was related to lower cognitive ability only for older wives. The interpersonal enjoyment function was related to greater marital satisfaction for both husbands and wives similarly across age. These two functions related to greater reported frequency of collaboration to solve everyday problems. Finally, analyses within a specific collaborative task revealed that cognitive compensation and especially interpersonal enjoyment were associated with greater perceptions of affiliation of one's spouse.
Cognitive and Interpersonal Functions of Collaboration
Consistent with collaboration serving a compensation function for older adults (Dixon & Gould, 1996; Meegan & Berg, 2002) , results revealed that older husbands endorsed the cognitive compensation and interpersonal enjoyment function and reported using collaboration more frequently than did middle-aged husbands (older wives reported more enjoyment but only tended in the same direction for compensation and frequency). The functions of collaboration and its frequency were strongly endorsed (means of around 4 on a 5-point scale), however, by both age groups. The age differences in compensation and enjoyment did not remain once cognitive ability and marital satisfaction (both associated with age) were controlled. These results are only somewhat consistent with the view in the collaboration literature that its use derives from the need to compensate for cognitive function (Dixon & Gould, 1996) . The link between perceptions of compensation and lower fluid intelligence was present only among older wives, suggesting that they may be more in tune with their need for collaboration.
In addition to the cognitive function of collaboration, adults perceived an interpersonal enjoyment function, which was enhanced in marriages of higher quality. The interpersonal function of collaboration has been neglected in the literature, which focuses nearly exclusively on its role in optimizing (Rogoff, 1998) or compensating for cognitive function (Dixon & Gould, 1996) . In close interpersonal relationships such as long-term marriage, collaboration has been described by couples as a key factor in what defines their marriage (Berg et al., 2003) . Making everyday decisions (regarding finances, health, and home repair) as well as solving everyday problems (e.g., household chores) may build a sense of the couple as a unit (Badr & Acitelli, 2005) and may contribute to and be a reflection of that marital satisfaction.
Cognitive and Interpersonal Functions and Frequency of Collaboration
The perceived frequency of collaboration in couples' daily lives was predicted from both the cognitive compensation and interpersonal functions and these relationships did not differ by age. For both husbands and wives, perceptions of the frequency of use of collaboration were associated with their own interpersonal enjoyment of collaboration and views of cognitive compensation. These results strengthen the view that the frequency of collaboration is greater when spouses enjoy collaboration at an interpersonal level, consistent with the importance of marital satisfaction in the use of dyadic coping (Hagedoorn et al., 2000) . The fact that only one's own perceptions of collaboration as cognitive compensation were associated with frequency suggest that the frequency with which collaboration occurs may be driven more by one's own need for compensation, rather than a dyadic need.
These functions of collaboration were reflected in individuals' perceptions of their spouse's affiliative behavior as couples collaborated, providing a window into how these functions operate within actual collaborative settings. Perceptions of interpersonal enjoyment were associated with greater perceptions that one's spouse was warm and affiliative and these effects were over and above the effect of marital satisfaction. As a whole the results revealed several links among interpersonal enjoyment and marital satisfaction, couples' perceptions of the frequency of collaboration, and affiliation in the errand task. The results are consistent with a process whereby greater marital satisfaction may be re- flected in greater enjoyment and more proximally in perceptions of affiliation in collaborative interaction. These warm and affiliative interactions may contribute to subsequent enhancements in interpersonal enjoyment and marital satisfaction. For husbands' and wives' perceptions of each others' affiliative behavior, greater wives' cognitive compensation was associated with greater perceptions of affiliative behavior. These results suggest that when older wives perceive greater cognitive need for collaboration, spouses' behavior may be perceived as more loving, which could be due to perceptions of the interaction driven by her greater need or to the altered nature of the interaction (e.g., more of a teaching or scaffolding interaction for husbands). Such results may be restricted to a somewhat normal range of cognitive ability and may not hold when spouses experience extreme need for compensation such as in the case of mild cognitive impairment or Alzheimer's disease.
The results should be considered together with their limitations. The relatively young age of our older adult group may have restricted relationships between cognitive ability and cognitive compensation. Although our previous work indicates that older adults differed from middle-aged adults in cognitive ability , our older adult group was in their 60s, now considered a young-old sample (Baltes & Smith, 2003) . Research with adults of more advanced age who are experiencing greater limits in cognition will be useful in clarifying relationships between cognition and cognitive compensation. Our results are limited by our largely Caucasian sample. Collaboration may be more frequent and serve interpersonal functions in cultures that are more interdependent (Latino, Asian; Berg & Upchurch, 2007) . The results are limited, somewhat, by the relative shortness of the PCQ, which likely resulted in the low reliability of some subscales. Additional work is in progress to improve the measure's reliability. The cross-sectional nature of our data cannot address directions of effects between marital satisfaction, cognitive ability, and the cognitive and interpersonal functions of collaboration. These relationships are likely dynamic and transactional such that the interpersonal function both derives from high marital satisfaction, provides a lens through which interactions are viewed in collaboration, and enhances subsequent marital satisfaction.
In addition to the cognitive compensation function of collaboration that is so frequently emphasized in the aging literature, collaboration has an important interpersonal component that may derive from the overall quality of the relationship as well as affect the frequency of collaboration. Both functions are involved in the perceived frequency of collaboration during middle-aged and older adulthood and in how it is experienced in collaborative tasks. Greater attention to the interpersonal enjoyment function may facilitate collaboration's use in daily decision making and solving everyday problems (Strough, Cheng, & Swenson, 2002) .
